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During the fall of  1937 an epizootic disease broke out among our 
laboratory  stock  of  kittens.  The  signs  presented  were  practically 
limited  to  anorexia,  weakness  and  occasional  vomiting.  The  out- 
standing clinical findings were an elevation of temperature and a ful- 
minating, early leucopenia which not infrequently progressed to the 
point where no leucocytes remained in the circulating blood.  In the 
majority of animals death usually occurred from the 2nd to the 4th 
day after the appearance of outward signs of illness.  In most cases 
at autopsy there was little of note except a slight or moderate conges- 
tion of portions of the small intestine and  a  very soft,  almost fluid 
marrow in the femur.  The salient features upon microscopic exami- 
nation of sections were a non-inflammatory lesion of the intestine with 
conspicuous intranuclear inclusion bodies in the cells of the mucosa, a 
marked aplasia of all or most of the cellular elements of the bone mar- 
row, and lesions in the spleen and lymph nodes in which certain mono- 
nuclear cells containing intranuclear inclusion bodies were observed. 
No single bacterial species could be  cultivated with regularity from 
these kittens.  Our  experience with older animals was limited,  but 
when the infection did occur among them it appeared to present the 
same  general aspects  with  occasionally certain  modifications which 
will be subsequently described. 
* This work was carried out during the term of a  fellowship granted by The 
Rockefeller Foundation for study at The Harvard School of Public Health. 
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The  clinical  and  pathological  findings  were  so  constant  and  so 
striking  that  a  systematic  attempt  was  undertaken  to  study  the 
disease. 
The literature dealing with epizootic diseases of cats contains frequent reference 
to "distemper," a term which has been applied to nearly all feline infections of a 
highly contagious nature.  This so called distemper has been often described as 
protean in its manifestations.  In recent years there has been a tendency on the 
part of a few observers to apply the term distemper of cats to an infection which 
is predominantly respiratory in nature and to designate as "infectious enteritis" 
a disease  with marked gastro-intestinal symptoms and lesions. 
Verge  and  Cristoforoni  (1)  described  a  gastro-enteritis  of cats  which  they 
believe they were able to transmit to other cats by a filtrate of organs from the 
infected animal.  Hindle and Findlay (2, 3) isolated a variety of bacteria from a 
disease  of  cats  with  gastro-intestinal  symptoms which  they  called  distemper. 
These organisms failed to reproduce the disease upon injection, but the typical 
infection  followed  injection  with  filtrates  of nasal  washings  or  suspensions  of 
various organs.  Urbain (4)  stated that he was able to transmit a gastro-intestinal 
infection of cats by the inoculation of filtrates.  Leasure, Lienhardt and Taberner 
(5)  also describe a similar disease  which  they believe they passed by means of 
filtrates.  Dalling  (6)  in a paper entitled "Distemper of the cat" described an 
enteric infection which  was transmissible by filtrates.  He concluded  despite the 
title of his paper that the disease with which he worked is an entity distinct from 
the disease or group of diseases in which respiratory symptoms predominate.  In 
discussing  Dalling's paper, Findlay (6) asserted that all  these fatal epizootics  of 
cats commonly called distemper are due to a single virus and that the variations 
encountered in the symptomatology and pathology are to be attributed to differ- 
ences in the type of secondary invaders.  Gray (6) in his discussion  of the same 
paper stated that "infectious enteritis is a disease clinically diametrically opposite 
to distemper." 
While the work to be reported was being terminated a note by Lawrence and 
Syverton (7) appeared wherein they described a spontaneous, infectious "agranu- 
locytosis" in the cat, which as nearly as we can judge from their published data is 
probably identical with the disease  which  we have investigated. 
The  obvious  confusion  in  respect  to  etiology  and  classification 
appears to depend in our opinion upon the  fact that no pathological 
characteristics have been described by which  the  condition  or condi- 
tions  may  be  securely  recognized  or  differentiated.  In  the  disease 
which  we  have  encountered  the  changes  briefly  noted  above,  and 
which  will  be  subsequently  described  in  detail,  furnish  we  believe, 
adequate criteria by which this particular infection may be identified. WILLIAM  D.  ltAMMON  AND  ~OHN  F.  ENDERS  329 
Clinical Course 
The entire clinical course of the disease has been studied systemati- 
cally in  the ,case  of  10  cats,  whereas in  21  others  the  disease was 
identified by at least one leucocyte count in addition to post mortem 
findings.  In 19 other animals the diagnosis was made solely on gross 
and histological post mortem evidence. 
A high mortality has been observed among those animals in which 
definite signs of illness become apparent.  Thus among a series of 12 
cats exhibiting all the criteria by which the disease may be recognized 
during life 2 only recovered.  Of the 10 which died,  I the autopsy find- 
ings both in the gross and microscopically revealed all the pathological 
changes which we have found to be associated with the disease from 
a  study of the 50 cases mentioned above and which include these 12 
animals.  This  series  illustrative  of  the  mortality  rate  comprises 
relatively few animals, since those which were killed during the acute 
stage and those in which observations on the course of the infection 
made during life were incomplete or lacking, have been excluded. 
Although it is clear that the disease terminates fatally in a  large 
percentage of cases when it has been  sufficiently severe  to produce 
easily recognized sickness in the cat, a  few animals which have been 
studied have presented no other indication of illness than a moderate 
leucopenia.  We  believe  these  represented  true  infections  which 
would not have been recognized unless routine white blood cell counts 
had  been  carried  out.  It  is  therefore entirely possible  that  under 
natural conditions many cats  may undergo  a  mild,  inapparent  in- 
fection. 
Following  either spontaneous  infection  or the inoculation  of infectious  material,  2 
after a variable incubation period, the animals refuse food and drink, become 
depressed and weak and tend to lie on the bottom of the cage, but they are usually 
responsive, stand, purr and rub up against the side of the cage when approached 
and called or mildly stimulated until 2 or 3 hours before death.  Never  has any 
excitement been noted.  Death is usually rather sudden and unexpected,  preceded 
by a  few minutes of fibrillary twitching, terminating in clonic convulsions in 
those which were observed closely.  Manifest signs of disease usually persist only 
1  One of these was killed in extr~mis. 
2 A section on the experimental transmission of the disease will be found on 
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2 days  before death, whereas moderate leucopenia and sometimes slight elevation 
of temperature, which we will describe in detail, are noted 3 or 4 days previous to 
death. 
Vomiting.--A  scant  quantity  of  a  bile-tinged, glary,  mucoid  vomitus  was 
usually found in the cage from time to time during the period of acute illness. 
Diarrhea.--Diarrhea was  the  exception rather  than  the  rule, bloody stools 
were never observed, and solid fecal material was regularly found in the colon at 
autopsy with one exception.  No tests have been made for occult blood. 
Coryza and Conjunctivitis.--In a few instances purulent conjunctivitis occurred 
either early or late in the course of the disease and in a slightly larger percentage 
signs of coryza were noted, usually preceding the more acute symptoms.  These 
were interpreted as accidental or secondary to the principal disease. 
Temperature.--In our experience the temperature of the normal cat has been 
found to range from 101.0 ° to 102.5°F.  Although this disease is accompanied by 
an elevation of temperature, the fever is seldom of an extreme degree.  Thus in 
every instance but one, in those animals followed clinically, the temperature rose 
above 103°F. sometime during the course of the infection, but only twice was a 
temperature above  105°F.  noted  and  that  in  each  case was  below  106 °.  The 
maximum  in  the  majority of  instances  was  between  103.6 °  and  104.6°F.  and 
occurred 1 or 2 days before death, most frequently on the day before death.  In 
many instances the temperature rose to 103°F. or above on the day leucopenia was 
first observed, but not infrequently leucopenia was noted 1, and exceptionally 2, 
days prior to the elevation of temperature'.  In the few animals where the tem- 
perature was taken just prior to death it was found to be subnormal. 
Table I  gives a  summary  of the temperature  changes in a  group of 
fatal cases, and Tables II, IV and V  illustrate the course of the fever 
in 2  fatal cases and in one which recovered. 
White Blood Cells.--Among  80 counts of the leucocytes in the blood of 40 cats 
in good health we have encountered only three below 10,000 per c.mm. of blood. 
Of these two were 9,000 and 8,900 and the third 5,000.  The last in all probability 
represented an error in technique, since counts on each of the following 3 days on 
the same cat were all found to be above 10,000.  The average of these 80 counts 
was 17,800;  the highest being 46,400.  These data agree in general with those of 
other investigators (8), one of whom however has recorded one count as low as 
6,000. 
Leucopenia, as we have stated, is a  constant  characteristic of the disease as 
we have seen it and affords an important diagnostic criterion.  Tables I, II, III, 
IV and V demonstrate this striking diminution of the leucocytes in the circulating 
blood. 
In the great majority of infected cats in which a  white blood cell count was 
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in no case was it above 3,000.  In 2 animals no leucocytes of any kind could be 
found on the day prior to death and this undoubtedly would have been more 
frequently observed had not the animal been sacrificed when counts in the neigh- 
borhood of 100 to 300 were encountered.  In about one-half of the kittens, follow- 
Lug the first significant fall in the leucocyte count there was a temporary or com- 
pensatory rise of_from 2,000 to 3,000 cells per c.mm., followed by a fall, which from 
TABLE  I 
Leucocyte Counts and Temperatures in a Group of Cases with Severe Illness 
Time before death 
3rd day  [  2nd day  Ist day  Day of death 
Diedor  ~  . 
killed  ~  ~  ~  ~  ~  "~'~  ~ 
P  '  'F.  .  ~  per  °F.  per  °F.  per  °F.  per  °F.  per  °F. 
~.~  ~.  c.mm.  c.mm.  ~.mm.  $.mm.  ~.mm. 
D  --  ~1  ~.  --  101.2 9,900103.(  9,500  I01.~  1,50C  102.~  --  -- 
D  21,30£  101.1  5,200  103.8  200  104.C  --  -- 
125,400102.4  !  }  5,45£  102.4  6,150102.¢  3,300  104.2  1,230  104.4  200  104.4 
~'6, IOC :*104,~  "*102.( 
19,100101.8  ~  )  8,850102.~  9,150103.C:11,$00  102.51  1,650  ~.103.8  73  ~  96.~ 
14,000  102.0 12,050 101.8  4,150  102.8  OOC  104.9  0  100.~ 
15,300103.15  1,050  105.(]  450  103.(]  --  -- 
--  330  I03.~  --  -- 
14,100102.0~  I  )  14,900  103.2  5,90(  I02.'/ 10,700  102.4  200  I05.(]  --  98.~ 
--  ~  }l  ~*104.4 
21,300 103.7  7,75C 104.4  9,300  103.5  550t  104.4  100  104.4 
x 
9,300  102.4  6,100  103.(]  --  -- 
--  4,100  103.8  200  104.2  --  -- 
5,000  --  8,200  102..~  1,500  104.2  .... 
--  450  104.8  --  -- 
~'*.500 
19~390  --  3,850  104.2(  15  104A 
19,533  ....  102.4 12,971  t02.5  9,300 102.7  6,327  103.3  1,510  104.0  128  102.C 
* Where two observations  were recorded on  the  same day,  the  mean of  the  two 
has been used in computing the mean of the column. 
then on was maintained except where manifestations of beginning recovery were 
noted (Tables II, IV, V). 
In 5 instances of severe infection following inoculation daily differential white 
cell counts were made.  In 2 of these animals the total granulocyte count de- 
creased more rapidly than the total lymphocyte count, but in one cat the total 
lymphocyte count fell more rapidly than that of the granulocytes.  In 2 others the 
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less constant up to the point where so few cells could be found on a smear that no 
significant count was possible.  Table IV contains an example of this latter group. 
The large monocytes and basophile cells usually disappeared entirely from the 
circulation during the most severe phase of the leucopenia. 
During the course of the illness in fatal cases no abnormally immature cells of 
any of the leucocyte series appeared in the circulation. 
Because of the lack of any constant relative increase in lymphocytes 
and the marked reduction  in all or nearly all types of leucocytes we 
do not regard the  disease as an  agranulocytosis as do Lawrence and 
Syverton (7).  Nevertheless because of the similarity of their findings 
in respect to the leucopenia with those  reported here, we believe the 
disease which  they have described  to  be  probably the  same as  that 
which we have studied. 
Hindle and Findlay (2) made leucocyte counts on a number of their cats suffer- 
ing from distemper with enteric symptoms and pathology, and found them to show 
inconstant  changes of no significance.  Accordingly it seems unlikely that  this 
disease is the same as that with which we have been concerned.  Verge and Cristo- 
foroni (1),  Urbain  (4),  and Leasure and his coworkers (5)  make no statement 
concerning  any abnormality in the number of circulating leucocytes. 
The  changes in  the  blood cells of one cat which  recovered after a 
serious infection are of considerable interest since  they give indication 
of  the  involvement  of  the  entire  hematopoietic  system.  Table  II 
includes  a  record  of  the  observations  which  were  made  during  the 
course of the disease. 
The disease reached its climax on the 6th day after inoculation, with a leuco- 
cyte count  of 2,050, and  a  temperature of  104.7°F.  The animal ate nothing, 
appeared weak and was obviously dehydrated.  At this time a large number of 
abnormal, immature cells  appeared in  the blood, many of which could not be 
classified,  although  the greater part of them was probably of the lymphocyte 
series.  Following  this, improvement was rapid and immature cells of both the 
red and the white cell series appeared. 
Red Blood Cells.--Red blood cell counts were not made as routine, but those 
which have been carried out in 6 cats all indicated a decrease of approximately 
1,000,000 ceils per c.mm., which  in  the presence of terminal dehydration  may 
represent a fall of 2,000,000 or 3,000,000 from the original normal.  The count in 
cat 4 which survived (Table II), had fallen just over one million cells at the height 
of the infection,  but 7 days later, despite marked signs of regeneration of red cells, 
as indicated by the appearance of many immature erythrocytes, the count was 
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with the evidence obtained from an examination of the bone marrow 3 of all which 
we have studied indicate dearly that  there  is a  suppression  of erythropoiesis,  in 
addition  to a  leucopenia. 
TABLE  II 
Clinical Record, Cat 4:  Age:  6 months.  Inoculum:  Unfiltered sterile suspen- 
sion  of  lungs,  liver and  spleen  from  cat  1,  made  from  organs  which  had  been 
preserved in glycero-saline for 3  days.  Method  of  inoculation:  Given subcuta- 
neously. 
Day 
Inocu- 
lated 
1 
2 
3 
4 
10 
11 
12 
13 
14 
15 
16 
Red 
blood 
cells 
millions 
per 
c.mm. 
7.35 
D 
m 
7.28 
6.83 
t 
t 
t 
5 .Ol 
White 
blood 
cells 
ter  I 
C .ram  ° 
9,100 
11,650 
15,100 
4,250 
7,350 
2,650 
2,050  * 
6,000  * 
23,500  61 
31,100  80 
32,400  60 
29,800  67 
42,700  71 
23,800  -- 
19,400  -- 
12~50 
Differential  cell  count 
o 
per  per  per  per  pet 
~ent  ] cenl  ;ent  ~e'l~t  ce~i 
75  ]  9  6  8  2 
82  9  5  2  2 
76  25  4  4  1 
85  6  5!2  2 
70  23  2  5  0 
40  52  0  8  0 
27  0  0  0 
10  0  0  0 
23  0  1  0 
29  4  1  0 
24  3  2  0 
-d 
per 
:ent 
0 
0 
0 
0 
0 
0 
m 
m 
12 
I0 
7 
0 
0 
Symptoms 
Coryza 
Coryza, anorexia 
Coryza,  anorexia,  very 
quiet 
No  coryza,  quiet,  eating 
small amount 
Dirty and sick, anorexia 
Improved 
Lively, eating 
Eating  better,  almost 
normal 
Normal 
cg 
* Too many immature  cells.  Count impossible, lymphocytes predominating. 
t  Numerous polychromatophilic erythrocytes and a  few normoblasts. 
No systematic studies have been made as yet to determine whether 
the anemia may be due in part to destruction of adult erythrocytes, 
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suggested by the finding of an unusually large number of phagocytic 
cells in the bone marrow,  lymph nodes and  spleen  which have taken 
up many red blood cells,  and a  definite increase in icterus in the sera 
of  two  moribund  animals  compared  to  that  of  the  sera  of  several 
normal cats.  However no marked increase of pigment has been noted 
in cells of the reticulo-endothelial system.  It is planned  to determine 
the quantity of blood bilirubin,  the percentage of hemoglobin and the 
reticulocyte count at intervals throughout the course of the disease. 
Howell-Jolly bodies occur frequently in the normal cat's red blood cells, but in 
addition we have noted small, highly refractile bodies seen best in fresh unstained 
preparations, or in the counting chamber where the cells are laked by acetic acid. 
No marked change in the number of either of these cellular inclusions has been 
noted during the course of this disease. 
Pathology  ~ 
Autopsies were performed on almost every cat dying from any cause,  which 
came into our possession before death, and likewise  on a number of cats obtained 
outside the laboratory, dying from various causes.  5 normal kittens of various 
ages  were  also  autopsied  and  carefully studied.  In practically  every instance 
sections  were  made  from material  fixed  in Zenker's  solution  and  stained  with 
hematoxylin and eosin or eosin and methylene blue.  Tissue sections from at least 
two parts of the intestine,  the marrow from the proximal end of the femur, the 
spleen and a large mesenteric lymph node located near the ileocecal junction were 
prepared from almost every autopsied cat, which included 49 cases of this disease. 
Occasionally a section of vertebral marrow was substituted for femoral marrow, 
but no essential difference was noted at any age.  Besides these organs which we 
learned were specifically affected, a  few infected cats were studied  more or less 
completely.  Thus, with the exception of the brain, only one of which was ex- 
amined  microscopically,  the  following  organs  were  studied:  salivary  glands, 
esophagus, stomach, all levels of the intestinal tract, the lungs, heart, suprarenals, 
kidney, liver, bladder and pancreas. 
It should be particularly emphasized that many of the infected animals coming 
to autopsy, and indeed those in which the most characteristic pathology was noted 
were either killed in extremis or in the earlier stages of the acute disease, and por- 
tions  of the organs immediately placed  in  the fixative.  Thus  the intranuclear 
inclusion bodies, which appear as constant associates of this disease provided the 
material  is  taken under these conditions, are not the result of post mortem de- 
* We are grateful to Dr.  Frederic Parker,  Jr.,  Dr.  Cecil K. Drinker and Dr. 
Henry Pinkerton for their kindness in examining many of our sections and offering 
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generative  changes  in  the cells.  Indeed, when  such  changes have taken place, 
even to a relatively slight degree, it is often difficult or impossible to find inclusions 
in those sites in which they usually are easily manifest. 
Bone Marrow.--This organ perhaps shows the most extensive dam- 
age.  When  the  femur is  carefully opened  immediately  after  death, 
instead of the typical pencil like piece of fairly solid red marrow which 
extends almost the whole length of this bone in the kitten, one sees a 
small quantity of nearly fluid, or entirely fluid, bloody marrow.  The 
marrow in the mid-shaft usually appears more normal than does that 
at the two extremities.  This cannot be shelled out in one piece as in 
the normal cat, but may be scraped off with a  dull, blunt instrument. 
It is unnecessary to decalcify the marrow from the cat's femur after 
fixation in Zenker's fluid. 
On microscopic examination a  very striking picture is presented in 
contrast  to  the  normal  marrow  of  the  femur,  which  is  not  unlike 
human marrow (Figs. 3 and 4). 
There are usually areas of very marked congestion, perhaps actual hemorrhage. 
Blood in these areas has replaced one-half or more of the usual cellular elements. 
Fibroblasts  are conspicuous and a fine reticulum  of tendrils with bulbous termina- 
tions is evident,  with almost  no cells in its mesh.  Varying numbers of cellular 
elements  remain,  many of these  in  a  degenerating  condition  with  vacuolated 
cytoplasm  and  vesicular  nucleus.  Not  infrequently  large  mononuclear  cells, 
sometimes binucleated,  contain eosinophilic intranuclear  inclusions.  Phagocytic 
cells are present  with engulfed erythrocytes.  Generally there is complete absence 
of all adult members of the white cell series but occasionally in cases where the 
leucocyte count failed  to fall below 1,000 cells a few polymorphonuclear  cells or 
sometimes fairly large numbers of eosinophile cells remain. 
Practically complete  aplasia  of both the red and the white series of cellular 
elements is frequently found.  In others a fair number of the red cell series may 
persist  and in a third small group the reverse is seen, the members of the granu- 
locytic series being more in evidence.  Whenever blood counts have been made the 
condition revealed by the circulating  blood is reflected in the marrow.  When no 
white  cells or only 100 or 200 cells per c.mm. have been present in the marrow, the 
most complete  aplasia  of the younger forms  of the granulocytic series together 
with absence  of all  adult polymorphonuclear  cells has been  observed.  Usually 
the most conspicuous cell persisting in the marrow is the megakaryocyte.  But, in 
a few eases with  decreased  platelets  and  a  prolonged  bleeding  time,  the  mega- 
karyocytes of the marrow were reduced in number or were entirely absent. 
The marrow of three cats deserves special  mention: 
Cat 5-9.  This was one of 2 adult cats which we have seen die as a result of this 336  VIRUS  DISEASE  OF  CATS 
disease.  No ante mortem blood studies  were made, but  the diagnosis was con- 
firmed by post mortem findings.  No mature polymorphonuclear cells could be 
found in the marrow but it exhibited an unusually high  proportion of myelocytes 
and premyelocytes, quite similar to the marrow of agranulocytosis  in the human 
being (9, 10).  This possibly represents the difference between the reaction in the 
adult and the kitten, and may explain the greater apparent resistance of older cats. 
Severe depression  of the marrow in this one case at least did not occur.  It is 
quite likely that had this cat not given birth to kittens 2 weeks previously it would 
have recovered. 
Cat 6-4:  This cat, about 6 months of age, after definite exposure had a typical 
illness with the leucocyte count falling to 1,800 cells, at which time indication of 
recovery was suggested by a fall of body temperature and an increase in the leuco- 
cyte count.  When the latter reached 2,800 the animal was killed.  In the gross 
the marrow appeared normal but on section was seen not to contain the normal 
complement of cells.  There were however numerous primitive cells in both the 
red and the granulocyte series, but practically no adult white cells were present. 
Cat 1-56 (Table III):  From the findings in this animal also, which was killed 
at the onset of recovery, there is much to suggest that the premature granulocytes 
of the bone marrow rapidly reestablish themselves  once the turning point has 
been passed. 
Lymph Node.--The  large ileocecal lymph node has  been carefully 
studied.  This is usually larger than normal and soft.  No evidence 
of inflammation or hemorrhage has ever been noted such as Leasure, 
Lienhardt  and  Taberner  (5),  also  Hindle  and  Findlay  (2)  have de- 
scribed.  The  glands  have  all  exhibited  extensive  edema  and  great 
widening of the sinusoids, but the pathology that appears to be more 
or  less  specific  is  the  marked  depletion  of  adult  lymphocytes  and 
injury to the cells forming the germinal centers.  Inclusion bodies in 
all  respects  resembling  those  found  in  the  intestinal  mucosa  have 
been  noted 'in  some  of the  cells of the  germinal  centers,  which  like 
those of the spleen reveal evidence of injury by their failure to take 
the  stain  well  (Fig.  5).  An  additional  conspicuous  feature  is  the 
presence  of  many  mononuclear  phagocytes  crowding  the  widened 
sinusoids  and  containing numerous  erythrocytes. 
Spleen.--The spleen is not abnormal in size, color or consistency in 
the  gross.  On  section  the  lymphoid  follicles  resemble  closely  the 
lymph nodes just described except that  the phagocytic cells are less 
in  evidence.  Inclusion  bodies in  variable  numbers  occur here  also, 
mostly in  the cells of the germinal centers  (Fig.  6).  Leasure, Lien- WILLIAM  D.  HAMMON  AND  JOHN  F.  ENDERS  337 
hardt  and  Taberner  (5),  as well as Hindle and  Findlay  (2)  describe 
congestion  of  the  spleen  with  hemorrhages  in  the  lymph  follicles, 
evidence of which we have failed to find in the spleens which we have 
examined,  with  one  exception  where  there  was  marked  congestion 
and perhaps hemorrhage about each lymph follicle. 
Small Intestine.--In a  few animals no abnormaiity could be noted 
in the intestine in the gross.  Usually, however, some section of the 
small intestine was found to be slightly or moderately congested both 
on the serosal and mucosal surface.  On the latter the areas of con- 
gestion  appeared  as pin-point  petechiae.  These probably represent 
the  tips  of congested villi.  The mid-portion of the  small intestines 
was  most  often  involved,  and  next  in  frequency  the  lower  ileum. 
Rarely the congestion extended the full length of the small intestine 
or included the cecum and proximal colon.  In the intestine of 2 cats 
gross ulceration and necrosis and a  pseudomembranous surface were 
noted.  In 2 others a few tiny ulcers were seen in the ileum, but these 
cases were exceptional.  The small intestine was  always  completely 
empty except for a  small amount of yellowish, mucoid fluid. 
On section at various levels one finding was almost constant wherever properly 
fixed  intact mucous  membrane remained in  the crypts of the  tubular glands. 
Many of the cells of the mucous membrane had large vesicular nuclei with the 
chromatin matter arranged along a thickened nuclear membrane, with the nucleo- 
lus staining a very dense purple and pushed to the periphery of the nucleus, and 
in the clear center of the latter were one or more comparatively large acidophilic 
inclusion  bodies typical of the  type associated with  virus infections (Fig.  2). 
These bodies are in some instances concentrated into an almost homogeneous mass, 
but on close examination, even these can frequently be seen to be composed  of 
closely packed, minute pink staining granules.  In other cases these granules are 
scattered loosely throughout the center of the nucleus,  but invariably they are 
surrounded by a clear halo which separates them from the nuclear membrane.  A 
not infrequent finding is a very large nucleus, as large or larger than the original 
cell, with the nucleolus forming a wedge shaped band which divides the nucleus in 
two parts, each containing an inclusion  body.  The intranudear bodies usually 
take a delicate pink stain with either hematoxylin and eosin or eosin and methylene 
blue in contrast to the more deeply staining bodies found in herpes and salivary 
gland diseases.  No cytoplasmic inclusions have been found. 
At certain levels  of the intestine the mucous membrane seems to have dis- 
appeared (Fig. 1), especially on the lateral surfaces of the villi and in the crypts of 
the glands,  but on closer study the membrane can often be distinguished  as a 338  VIRUS  DISEASE  01~  CATS 
greatly flattened layer of ceils lying against the connective tissue base.  The cyto- 
plasm of the epithelial ceils takes a light blue tint like that of the fibroblasts rather 
than the deep blue of the normal mucosal cell.  In the portions where this flatten- 
ing of the epithelium occurs  the gland lumen appears to have been distended, 
probably by fluid.  Frequently the lumen contains a mass of necrotic gland cells. 
The flattened ceils seldom contain inclusion bodies.  In contrast with that which 
covers the lateral and basal portions of the villi the mucous membrane over the 
tips of these structures is more apt to be intact. 
The capillaries of the intestinal villi and of the submucosa are often moderately 
congested  and  usually the  submucosa  is  somewhat edematous.  Inflammatory 
infiltration by polymorphonuclear leucocytes is strikingly absent but many mono- 
nuclear ceils are present, principally plasma cells.  As a rule no eosinophiles have 
been  observed.  Occasionally  there are  areas  which  suggest  connective tissue 
proliferating in the villi.  Again it should be clearly stated that when the autopsy 
is not done until several hours post mortem, the condition of the mucous membrane 
in the gland crypts is such that no inclusion bodies can be found.  However, in 
most instances  where the tissues  were fixed immediately after death they could 
be easily demonstrated in fairly large numbers. 
In the ileum the lymph follicles are hypertrophied but as in the lymph nodes 
and spleen  the number of adult lymphocytes has been greatly reduced; and in 
their place an unidentified type of large mononuclear cell and edema fluid make up 
the sizeable mass representing the lymph nodes.  In one case several intranuclear 
inclusions were seen in these large mononuclear ceils. 
Colon.--The  lesions  present  in  the  proximal  portion  of  the  colon 
simulate rather closely the milder lesions in the small intestine.  Fre- 
quently many inclusion bodies are present in the mucosal cells.  The 
hypertrophy of the solitary lymphoid follicles is similar to that of the 
follicles in the ileum.  As mentioned above, the proximal colon in  a 
few cases has  shown mild congestion in  the gross,  but no ulceration 
has ever been seen and the ileocecal valve has never shown any con- 
gestion  or  other abnormality.  A  congestion  of  the  latter  has  been 
described by Wooldrige in his discussion  of Dalling's  paper  (6)  as a 
constant lesion in distemper of cats. 
The whole pathological picture in the intestinal tract is remarkably 
constant,  varying only in  degree  and  not  resembling  any  other in- 
testinal lesion that we have ever seen.  Some of the  descriptions of 
the  milder  forms  of  acute  infectious  enteritis  of  cats  resemble  our 
severe lesions in the gross,  but nothing in these lesions of ours or in 
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remarkable thing about the lesion is the lack of inflammatory response 
in  the presenSe of  such extensive injury.  Hindle  and  Findlay  (2) 
describe gross and microscopic intestinal changes in distemper of the 
cat very similar to those which we have noted, but they failed to find 
after careful search any characteristic cytological appearances in the 
nucleus or cytoplasm.  It will be remembered that they also found 
leucocyte counts to  be  of no value in  recognizing the disease with 
which they worked.  Leasure et al.  (5)  studied carefully the enteric 
pathology in infectious enteritis and apparently found no inclusion 
bodies.  As a whole the intestinal pathology they describe was of a 
much more  severe  nature  than  ours,  with  marked  ulceration  and 
pseudomembranous lesions.  They found the colon "usually devoid 
of feces or containing a  blood-tinged mixture of feces and catarrhal 
exudate." 
With  the  exception of the occasional presence of pneumonia, no 
significant  changes have  thus  far  been  noted  in  the  lungs,  brain, 
kidney, bladder, suprarenal gland, salivary gland, heart, liver, pan- 
creas or stomach.  In the buccal cavity no glossitis or ulceration has 
been found, though looked for as routine since such lesions have been 
frequently mentioned in connection with acute infectious enteritis. 
Etiology 
In the demonstration of the nature of the etiological agent difficulty 
has been encountered because of its extreme infectivity.  Apparently 
healthy animals brought to the laboratory and observed for a period 
of time varying from 8  to  18 days,  either spontaneously developed 
characteristic symptoms or later proved refractory to the inoculation 
of material from sick animals or to contact exposure to cats suffering 
from the infection.  To our minds this lack of response on the part 
of certain cats is most readily explained on the assumption that the 
animals  possessed  a  natural  immunity which,  because  they  were 
nearly all under 6 months of age, was most likely in the form of a 
passively transferred congenital resistance.  All attempts up to the 
present time to devise satisfactory techniques for isolating the animals 
under the conditions available in Boston, where the disease is preva- 
lent, have failed.  However, a single experiment carried out on a farm 
in Connecticut has yielded evidence which indicates that the disease 340  VIRUS DISEASE OP CATS 
can  be  transmitted  by  means  of  filtered material  obtained  from  an 
infected animal? 
5 A second experiment has since been carried out which affords further evidence 
in support of the conclusion that the disease is due to a filterable agent. 
Three kittens from a rural district in Pennsylvania were isolated for 27 days in 
quarters at a distance from the laboratory.  During this period no signs suggestive 
of the specific infection were noted.  The probable susceptibility of these animals 
to the disease was indicated by the fact that 20 other kittens in the same shipment 
which were placed in an enclosure previously occupied by infected cats, all  died 
with characteristic findings after 8 to 15 days. 
Two of the isolated kittens were given intraperitoneally 5 cc. of a filtrate which 
was prepared in the following manner.  The spleen of a cat dying of the infection 
was thawed after being maintained in the frozen state at -  10°C. for 16 days.  An 
8 per cent emulsion of the organ was then prepared in the manner already described 
in the text.  Filtration of the centrifuged emulsion was effected by  means of a 
Berkefeld V filter at 20 cm. of Hg negative pressure.  This filtrate proved sterile 
after  8  days incubation  in  suitable media  both  under  aerobic and  anaerobic 
conditions. 
The third kitten which served as a control received intraperitoneally 5 cc. of a 
mixture of equal parts of infusion broth and saline.  It was then placed in a cage 
at a distance of 25 feet from the 2 inoculated animals. 
On the 6th day, one of the inoculated kittens died.  During the last 2 days of 
life it presented the typical signs and the leucocytic count rapidly fell to 0.  Post 
mortem findings in the gross and the histological changes proved the presence of 
the disease.  The second animal which received the filtrate recovered after an 
illness in  which  the  leucocytic count  reached  3,925  on  the  7th  day following 
inoculation, when  the temperature was  105°F.  During recovery, blood studies 
revealed indication of marked and rapid regenerative changes, especially in the 
leucocytes similar to those observed in the blood of cat 4 (see text). 
The control animal remained well for 18 days.  Then it was inoculated intra- 
peritoneally with a Berkefeld filtrate of a 10 per cent suspension of lymph node and 
spleen from 2  infected animals.  The lymph node had been kept in the frozen 
state for 8 days and the spleen for 34 days.  Because of difficulty in filtering this 
suspension, much of it was lost.  Therefore, to insure adequate exposure to the 
virus, a  few drops of the unfiltered suspension were also  instilled intranasally 
without  anesthesia.  After an  incubation period of 5  days, the kitten  became 
sick, developed a severe leucopenia and died on the 7th day following inoculation. 
Just before death, only 200 leucocytes were found in the blood.  The post mortem 
findings in the gross were typical of the infection.  Thus we believe that there can 
be no doubt concerning the cause of death, although microscopic sections of the 
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Four young animals about 4 months old were obtained locally and brought to 
the farm where they were observed for 3 weeks, during which period they remained 
free  of any obvious signs of disease.  The  kittens were derived from different 
sources and were not litter mates.  2 of the cats were then selected at random 
and removed to a building about 300 yards distant from their original quarters, 
where  the remaining 2  animals were  confined during  the  experimental period. 
The latter served to control further the possible occurrence of spontaneous disease 
which might have arisen as a result of infection which had not yet become apparent 
among the stock before its separation.  These control animals were fed  by the 
same attendant who had previously cared for all the cats during the preliminary 
period of observation and who subsequently had no contact with the inoculated 
animals.  Moreover we refrained from examining the control animals except from 
a  distance, relying upon the report of the attendant and ocular evidence for the 
absence of any sign of illness. 
The 2 experimental animals, Nos.  1-56 and  1-57, were each inoculated intra- 
peritoneally with 3 cc. of a Berkefeld N  filtrate of the emulsion of a  spleen pre- 
served for 34 days at  -10°C. which had been removed from a  cat killed in the 
acute stage of the disease contracted spontaneously.  Both the clinical and patho- 
logical evidence obtained in the case of the animal yielding this material revealed 
the presence of the typical disease.  The emulsion was prepared in the laboratory 
at Boston in the following manner:  3  gin. of splenic tissue together with pyrex 
glass capillary tubing were ground in a mortar with the gradual addition of 30 cc. 
of a mixture containing equal parts of Tyrode's solution and infusion broth.  The 
emulsion was centrifuged for 50 minutes at  2000  R.P.M.  The supernatant  fluid 
was then run through a Berkefeld N  candle at a negative pressure of 60 cm. Hg. 
5  drops of the filtrate were inoculated into  each  of two  tubes  of cooked meat 
infusion broth and two tubes of rabbit blood broth.  Blood agar plates were like- 
wise inoculated with 2 drops of the filtrate.  No growth of bacteria occurred in 
any of these media after 8 days at 37°C.  The bulk of the filtrate was placed in 
sterile sealed containers and kept at 0°C. in a vacuum jar during transportation 
from the laboratory in Boston to Waterford, Connecticut.  On arrival the con- 
tainers were put in the ice box until the next day when their contents were injected 
into the cats 1-56 and 1-57.  Total white blood cell counts and erythrocyte counts 
were carried out immediately prior to inoculation and daily thereafter at approxi- 
mately the same hour, which was always before the morning feeding.  The tem- 
perature at this time was likewise recorded.  The data thus obtained are presented 
in Table III. 
susceptible to subsequent inoculation affords additional evidence that the disease 
produced in the 2 experimental animals resulted from inoculation and not from 
natural infection through materials inadvertently introduced into their quarters, 
either by the attendant or by some other agency. 342  VIRUS  DISEASE  OF  CATS 
Most significant is the evidence for the occurrence of a definite leucopenia in 
both cats which had received the filtrate.  This was extremely marked in  1-56, 
while less severe but, we believe, definite in 1-57. e  The behavior of cat 1-56 con- 
forms with our earlier findings in that the decrease in the number of leucocytes 
TABLE  HI 
Clinical Record, Cats 1-56 and 1-57: Age: 4 months,  Inoculum: Suspension 
of spleen of cat 1-17, frozen at -10°C. for 34 days and passed through a Berkefeld 
N  filter.  Filtrate sterile.  Method of inoculation:  Intraperitoneal,  3 cc. 
Cat 1-56  Cat 1-57 
Day 
Inocu- 
lated 
i 
2 
3 
4 
5 
6 
7,  a.m. 
7, p.m. 
Tem* 
l~era- 
ture 
*F. 
102.C 
101.5 
102.2 
101.3 
102.8 
102.4 
105.~ 
101 .C 
105.2 
101.2 
Red 
blood 
cells 
,illions 
per 
C.~m. 
6.17 
6.99 
7.35 
6.97 
6,71 
5.70 
6.10 
5.90 
5.25 
Symptoms 
Normal 
it 
t¢ 
t¢ 
tt 
tt 
Anorexia,  vomit- 
ing,  quiet  and 
obviously  sick 
Anorexia,  quiet, 
weak, very sick 
Vomiting,  drink- 
ing water, weak 
and very sick 
Improving, respira- 
tory  infection. 
Killed 
Tem-  Red 
pera-  blood 
ture  cells 
Imilllons 
"z,.  lof, ; 
102.5  6.70 
102.4  I 
102.01 
lOl.3j 
102.5 I 
101.4 I 
101.61 
I 
101.6 
_l 
I 
101.4 / 
White  I 
blood  [ 
cells  I 
~er  I 
t:,mm.  I 
20,4013 
5.96  13,800 
6.20  7,400t 
5.87  7,800  I 
5.23  5,7oo I 
-  s,40o I 
4.68  11,0013 
6.22  11,400 
7.33  10,6001 
I 
Symptoms 
Normal 
tt 
tt 
tt 
tt 
t~ 
Normal,  ob- 
served  for 2 
wks. 
precedes the appearance of recognizable illness  manifested by the refusal of food, 
vomiting, increase in  temperature  and  marked weakness.  None of the  typical 
clinical manifestations  of acute and  severe illness  accompanied the drop in  the 
leucocytic count of cat 1-57.  Here the disease if present was evidently extremely 
mild. 
Although less  marked  the red blood cell counts in both animals  indicated  a 
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definite decrease in the numbers of erythrocytes during the course of the disease. 
This likewise is in keeping with their behavior in animals previously studied. 
Cat 1-56 which in all respects underwent a  typical course and was so ill that 
death appeared imminent during a  period of 48 hours, was killed and autopsied 
at the time when the increasing numbers of leucocytes and the general improve- 
ment in the animal's condition denoted the inception of recovery.  In the gross 
no definite pathological lesions were evident.  The small intestine throughout its 
entire length was empty except for a  slight amount of bile-stained viscous fluid, 
while a scanty amount of formed feces was present in the colon.  This condition 
of the intestinal contents, it will be recalled, is characteristic of the spontaneous 
disease.  In the lower ileum the mucosa was slightly roughened and pinkish in 
certain areas.  The femoral bone marrow unlike that  found in the acute stage or 
when the animal has died as a result of the infection was not abnormally soft or 
hemorrhagic.  It was however definitely paler than in the normal animal. 
Histological examination of sections of the intestine which had  been placed 
in Zenker's fluid within 10 minutes after death showed that the greater portion 
of the mucosa was normal.  However between groups of glands and villi bearing 
intact epithelial cells, other glands were interspersed either singly or in groups 
which were lined with severely damaged epithelium.  Certain of the necrotic cells 
lay in the lumina of the glands; others, in various stages of degeneration, remained 
in situ.  In places the basal membrane was covered by a small number of flattened 
cells.  After prolonged  examination  four  typical intranuclear  inclusion  bodies 
were observed in the epithelial cells of the glandular acini.  There was no evidence 
of any inflammatory reaction.  The areas of normal mucosa showed no evidence 
of autolysis or post mortem degeneration.  The lesions which have been described 
were most conspicuous in the ileum, but similar areas of injured mucosal tissue 
were noted in the jejunum. 
The  bone  marrow  contained an  atmormally large number  of primitive cells 
belonging to the white blood cell series, most of which appeared to be premyelo- 
cytes.  A minority of these cells were eosinophiles with bilobate nuclei.  A very 
striking feature was  the presence of numerous  mitotic figures amounting  to at 
least one per oil immersion field.  Exceedingly few representatives of the eryth- 
rocytic series  of cells were seen.  In respect  to  this series one could  regard  the 
histological findings as indicating an aplastic marrow.  No inclusion bodies were 
found. 
In general the situation in the marrow  conforms entirely with that 
which  might  be  expected  during  recovery from  the  severe  injury  to 
this organ which has been found to take place during the acute stage. 
The lymphoid tissue (mesenteric lymph node) appeared definitely abnormal in 
three respects:  (a)  The germinal centers contained practically no lymphocytes, 
but were replete with reticulum cells which appeared to be for the greater part 
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in one part of the node where regeneration seemed to be commencing and some 
medium sized lymphocytes were beginning to appear in the germinal center.  (b) 
The density of distribution  of lymphocytes both around the germ centers and in 
the medullary  cords was much less than normal.  Many of the cords had dis- 
appeared.  At the same time it was noteworthy  that those lymphocytes which 
were present  did not appear  to be abnormal in any respect.  (c)  Many of the 
cortical sinuses were almost empty.  The medullary sinuses, on the other hand, 
were full of proliferated reticulo-endothelial cells.  No inclusion bodies were found 
in this organ. 
Here again there is definite indication of the type of damage which 
we have found to be typical of the disease as it affects this organ.  But 
the  regenerative  processes of the  lymphoid  cells,  unlike those of the 
granulocytic series, has at this early stage of recovery scarcely begun. 
In conclusion,  then,  the post mortem findings support and supple- 
ment the conclusion which may be drawn from the evidence presented 
by the clinical course, that the disease produced in this animal follow- 
ing the injection  of a  filtrate free of bacteria was identical with the 
natural  infection  as it  occurred  in  the  cat  from which  the  material 
used in the preparation  of the filtrate was derived. 
We  cannot  unreservedly  assert  that  the  other  animal  inoculated 
with  the  filtrate  developed  the  disease.  It  is  nevertheless  highly 
probable that a mild infection occurred expressed only by a moderate 
leucopenia  and  a  fall in  the  erythrocyte  count.  That  a  leucopenia 
actually was present is indicated by the fact that as we have previously 
stated we have never observed the ~total white blood cells in normal 
animals  to fall below 8,900  per c.mm.  except in  one instance which 
may well have been due to error in technique.  It is not surprising 
that both animals failed to respond in a similar manner since we have 
had  much  evidence  which  shows  that  resistant  cats  are  not  infre- 
quently encountered. 
This  experiment  in  addition  to  exhibiting  the  filterable nature  of 
the  agent  shows that  the period  of incubation  as measured  by  the 
time  elapsing  between infection  and  the  onset  of  manifest  signs  of 
illness is about 6  days.  The  leucopenia,  however, begins at least  2 
days earlier. 
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we believe that the results of two of the experiments previously carried 
out and designed to test the infectivity of bacteria-free filtrates of the 
emulsion of various organs obtained from typical cases of the disease 
are of confirmatory value in  indicating the filterable nature of the 
infectious agent. 
TABLE  IV 
Clinical Record, Cat  ll-E: Age: 4 months.  Inoculum: 2 cc.  of nasal wash- 
ings from cat 5, taken in normal saline and frozen at  -10°C. for 45 days, thawed 
and passed  through a  Berkefeld V filter, proved sterile by culture.  Method of 
inoculation: Given intranasaUy under light ether anesthesia. 
Wem- 
Day  pera- 
ture 
*F. 
Inocu-  102.2 
lated 
1  102.6 
2  102.0 
3  101.8 
4  103.2 
5  102.7 
6  102.4 
7  105.0 
8  98.0 
Differential cell count 
]ood[ oo  ~  ~  = 
per  pet  per  pet' 
.mm.  cent  cent  I  cenl 
.6001  72  21  2  5 
s4 I 
61  q 
77 
55 
80 
74 
*m 
37  3  ] 
20  1 
13  1 
26!  4 
16  1 
22  0 
I 
5 
18 
9 
15 
3 
4 
per  pet 
cent  ¢¢nt 
0 
1 
0 
0 
0 
0 
0 
Platelets 
Normal 
Decreased 
Normal 
Symptoms 
Normal 
c~ 
c~ 
~c 
Anorexia,  quiet  in 
p.m. 
Anorexia,  weak, 
languid,  vomit- 
ing 
Vomiting.  Died in 
convulsions 
* Not sufficient number of  white cells found on smear to  make satisfactory 
count. 
Cat 1  l-E: The details of the inoculation  and the clinical course with laboratory 
studies  are  presented in Table IV.  This animal was  brought  directly to  the 
laboratory and inoculated.  It had been reared on a farm where no cat had been 
known to be ill previously.  It died 8 days after inoculation, of an illness in every 346  VIRUS  DISEASE  01~  CATS 
respect typical, and the diagnosis was confirmed by all the pathological criteria 
we have mentioned above. 
Cat 11-F: The data regarding inoculation  and the clinical course in this animal 
is presented in Table V.  This kitten came from the same source as the one de- 
scribed previously, but was kept overnight, in a laboratory room not used for cats 
for a  6 week interval, before inoculation.  It was killed in  extremis  5 days after 
inoculation and the diagnosis verified by study of the routine sections. 
TABLE  V 
Clinical Record,  Cat  ll-F: Age: 4  months.  Inoculum: suspension of  feces 
and intestinal mucosa of cat  11-E, passed through a  Berkefeld N  filter, proved 
sterile by culture.  Method of inoculation: Given intrapcritone~lly  without anes- 
thesia. 
Day 
Inocu- 
lated 
1 
2 
3 
Tem- 
pera- 
ture 
°F. 
103. 
103. 
104. 
103. 
104. 
104. 
L 
I 
White 
blood  ]  ~, 
cells  [  ~ 
per  ~er 
C.mm.  gent 
L9,80  -- 
~1,30q  80 
7,750[  87 
9,30~  68 
5,05{  85 
101  -- 
Differential cell count 
I 
pe~  ¢,er  peJ 
13  2  5 
6  0  7 
24  0  8 
10  0  5 
Plstelets 
~er 
:$nt 
--  Normal 
0  tt 
0 
0 
0 
Symptoms 
Normal 
t~ 
Slight anorexia.  Less 
active,  vomited 
Anorexia 
Very  weak, vomiting. 
Killed 
An analysis of the many spontaneous cases which have occurred in 
animals brought to the laboratory indicates that the usual interval 
between probable  exposure and  death in  spontaneous infections is 
from  10  to  15  days.  The  relative brevity of  the  period  between 
inoculation and death in these 2 cats, 8 and 5 days respectively, which 
is of the same order as that noted in the Connecticut experiment, sug- 
gests  that  the  disease  resulted  from  inoculation  of  sterile  filtered 
material. 
The findings in the bacteriological study of the blood and viscera WILLIAM  D. tLAMMON AND  JOHN  F.  ENDERS  347 
in  a  considerable  number  of  characteristic  cases  supports  the  direct 
evidence  already presented  which leads us  to regard  the infection  as 
due to a  filterable virus. 
In 30 cases of the typical disease blood cultures were carried out using both 
blood agar and rabbit blood infusion broth as the media.  Under aerobic condi- 
tions at 37°C. in 10 only did bacterial growth result.  Of these 10 positive cultures, 
4 were found to be organisms belonging to the genus Pasteurella; one a  mixture 
of Bacillus mesentericus and Staphylococcus albus, 2 Gram-negative rods probably 
TABLE  VI 
Inoculation of Other Animal Species 
Number  Animal  employed 
Rabbit  I  adult 
"  1 adult 
"  1 young 
*Guinea pig  2 
"  "  2 
"  "  2 
Ferret  1 
"  1 
Mouse  10 
"  18 
"  4 
"  4 
Route of inoculation 
Subcutaneous 
Scarified cornea 
Intraperitoneal 
Intramuscular and intranasal 
Subcutaneous 
Intraperitoneal 
Intraperitoneal and intratesticular 
Intraperitoneal 
Intraperitoneal and intranasal 
Intracerebral (3 experiments) 
6 serial passages of brain material 
Intracerebral and intranasal 
Subcutaneous 
Result 
Negative 
cc 
B. coli, a hemolytic streptococcus, and the 2 remaining cultures were not identified. 
Several of these different species were inoculated into healthy cats.  In no instance 
did they produce any condition resembling the original disease. 
Cultivation of portions of various viscera of cats dying with the infection also 
yielded no growth or a diversity of bacterial species.  Moreover anaerobic cultiva- 
tion in certain instances of both blood and viscera gave results similar to those 
obtained  by  the  aerobic method.  With  the  exception  of  the  lungs,  in  which 
occasionally pneumonia  was  present and  one  spleen, no  positive cultures were 
obtained from any organ in the absence of a  bacteriemia. 
Considering  the  diversity of  species encountered,  these  organisms 
in all probability represented secondary invaders which gained a  foot- 
hold due  to  the  almost  complete  absence of mobile phagocytic  cells. 348  VIRUS  DISEASE  OF  CATS 
Insusceptibility of Other Species 
As yet we have failed to produce pathological changes or any other 
indications of infection by the inoculation of tissues from infected cats 
into several of the common laboratory animals.  Table VI contains a 
summary of these experiments. 
Thus far the chorio-allantoic membrane of the developing chick has 
likewise failed to reveal any recognizable injury following contact with 
the same materials. 
The pathogenic agent thus appears  to  be  closely adapted to  the 
natural host and in this respect is likewise  comparable to certain of 
the known filterable viruses. 
DISCUSSION 
The infectious disease which has been described presents a  most 
unusual group of pathological conditions, seeming entirely unrelated. 
In every kitten killed in the acute stage or dying of the disease a loss 
of circulating leucocytes of all kinds occurred, accompanied by marked 
aplasia of the bone marrow, aplasia and necrosis of lymphoid follicles, 
congestion of the intestines and necrosis of the mucosa of the intestinal 
glands.  Usually  when  erythrocyte  counts  were  carried  out  an 
anemia was noted and in exceptional cases the platelets in the circulat- 
ing blood as well as the megakaryocytes  of the marrow were markedly 
diminished in number.  Characteristic intranuclear inclusion bodies 
were found in certain cells of the organs affected.  Both the inclusion 
bodies and the other pathological changes apparently occurred in two 
distinct types of tissue, those of mesodermal and of entodermal origin. 
Although the  cells containing inclusion bodies in  the bone marrow, 
lymph nodes and spleen could not be absolutely identified, they were 
probably of mesodermal origin as  are  all  the  important functional 
elements of the bone marrow and the lymph glands.  In the intestine 
the mucosal cells of entodermal origin are the ones principally affected. 
Since the leucopenia developed prior to other signs  in most cases, 
the  lesion  in  the  blood-forming  organs  probably  represented  the 
primary and most significant injury as far as the life of the animal was 
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mucosa  varied  greatly  in  severity  and  extent.  Accordingly  it  is 
difficult to  estimate  their  importance  in  so far  as  they might  have 
contributed to the outcome. 
The actual cause of death in our animals has not been determined. 
A  complete absence of leucocytes should,  of course,  invariably lead 
to eventual secondary infection and septicemia, but many of the cats 
have died so rapidly that opportunity for secondary infection seems 
not to have been afforded. 
The question as to whether or not this infection is to be identified 
with cat distemper or feline infections described by the various authors 
which have  been  cited is difficult to  answer.  The  milder intestinal 
injury which we have noted, the failure on the part of other observers 
to describe the inclusion bodies which in our disease are conspicuous, 
the  difference in  the  pathologiclal  changes  in  the  lymph  nodes,  and 
the fact that one report specifically stated that no significant changes 
occurred in  the number  of leucocytes in  the blood, strongly suggest 
that  there  exist  more  than  one  epizootic  of  cats  which  affect  the 
gastro-intestinal  tract. 
Examples of diseases in which a  filterable virus has been shown to 
be the etiological agent and in which the leucocytes on the one hand 
and the erythrocytes on the other are characteristically  affected may 
be found in the leukemia of fowls and equine anemia.  But in so far 
as we are aware with the exception of the malady recently reported 
by Lawrence and Syverton and which we believe to be identical with 
that which we have  studied,  no disease of virus origin  has been de- 
scribed in which a severe fulminating leucopenia of both granulocytic 
and lymphocytic series forms a  characteristic feature.  Moreover we 
do not know of any other disease accompanied by constant and marked 
enteric  pathology with  the  possible exception of the  group  of feline 
distempers referred to above, in which a virus may be causally related. 
In this connection, however, the observations of Slanetz and Smetana 
(11)  should  be recalled,  who have  described intranuclear  as well as 
intracytoplasmic  inclusion  bodies in  the  epithelium  of the  intestinal 
tract of ferrets dying from an epizootic disease, shown by them to be 
due to a filterable agent.  But they fail to mention any other indica- 
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breun  (12)  also  observed inclusions in  the intestinal epithelium of 
infected animals, but with little evidence of accompanying damage 
to the mucosa. 
• The mode of natural transmission has not been established, but it 
would seem most probable to take place by direct contact with the 
discharge  of  infected  animals.  The  possibility,  however,  that  an 
insect vector may occasionally be involved cannot be disregarded. 
Our  experience has  indicated  that  the  natural  disease  is  highly 
infectious and that the agent either remains viable for considerable 
periods of time outside the body or possibly in that of an intermediate 
host  such  as  the  flea.  Satisfactorily  controlled  experiments have 
therefore proved extremely difficult to  carry  out.  To  analyze  the 
many interesting aspects of the disease suggested by our observations, 
a 
more  convenient  techniques  for  securing  rigid  isolation  must  be 
devised. 
SUMMARY 
An acute, highly fatal epizootic disease of cats is described, which 
can be recognized by a fulminating and extreme leucopenia involving 
all types of white blood cells,  aplasia of the bone marrow, including 
both the granulocytic and the erythrocytic series and occasionally the 
megakaryocytes, aplasia of lymphoid tissue, and characteristic intra- 
nuclear inclusion bodies in the cells of the intestinal mucosa and in 
certain cells of the spleen, lymph nodes and bone marrow. 
The infection has been induced in healthy cats by means of bacte- 
ria-free filtrates of emulsions  of the spleen of infected animals.  Collat- 
eral  evidence supports the  conclusion that  the disease is  due  to  a 
virus.  The pathogenicity of  the  infectious  agent  has  proved  thus 
far to be strictly limited to the natural host. 
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EXPLANATION OF PLATE  18 
FIG. 1.  Low power magnification of the mucosa in the ileum of cat ll-F, killed 
in extremis.  Less than half of the tubular glands are lined with normally staining 
epithelium.  The  cellular infiltration  consists  almost  entirely of  plasma  cells. 
Eosin-methylene blue.  ×  80. 
FIG. 2.  High power magnification of the fundus of a typically affected intestinal 
gland.  In the lumen are necrotic cells and in one epithelial cell is a characteristic 
eosinophilic intranuclear inclusion body.  Hematoxylin and eosin.  ×  950. 
FIG. 3.  Low power magnification of marrow from femur of kitten, 3 months of 
age,  which  died  from  a  spontaneously  acquired  infection.  There  is  marked 
aplasia of normal cellular elements.  Eosin-methylene blue.  ×  I00. 
FIG. 4.  Low power magnification of marrow from femur of a normal kitten, 3 
months of age.  For comparison with Fig. 1.  Eosin-methylene blue.  X  100. 
FIG. 5.  The central area of a degenerated lymph follicle in a mesenteric lymph 
node.  In the center is a mononuclear cell containing an eosinophilic intranuclear 
inclusion  body  (arrow).  Very  few  adult  lymphocytes  remain.  Hematoxylin 
and eosin.  ×  950. 
FIo. 6.  Section at the edge of a  splenic lymphoid follicle.  At the center is a 
cell with an eosinophilic intranuclear inclusion body.  Hematoxylin and eosin. 
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